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1 INTRODUCTION 

EVRAZ Oregon Steel (EOS) implemented a riverbank source control measure (SCM) under the 
June 2000 Voluntary Cleanup Agreement (VCA) between EOS and the Oregon Department of 
Environmental Quality (DEQ), and in accordance with the November 2014 riverbank SCM 
Record of Decision (ROD).  This monitoring and maintenance plan (plan) describes long-term 
care of the EOS bank, upper beach, and berm following implementation of the riverbank SCM.  
The total project length encompasses 1,986 lineal ft of shoreline.  The SCM included bank 
removal of soil/slag fill along 1,675 lineal ft of shoreline in sufficient quantity to achieve the 
required design slope.  Following bank soil removal, the surface was stabilized with geotextile 
and crushed rock and protected with rock armor. Riverbank soil remaining beneath the 
armored cap was sampled prior to armor placement. Polychlorinated biphenyl (PCB) 
concentrations ranging from 1.6 to 5.8 mg/kg were detected in the bank soil remaining below 
the rock armor. In general, upper beach soils exceeding a concentration of 0.1 mg/kg for total 
PCBs were removed, and excavated beach areas were backfilled with well-graded river rock 
and sand.  In select locations, remaining soils exceeding 0.1 mg/kg at a final excavation depth of 
3 ft were left in-place and covered with 3 ft of granular beach backfill.  Total PCB concentrations 
of remaining beach soil in these select areas ranges from 0.15 to 1.7 mg/kg.   

Physical aspects of the riverbank SCM require long-term monitoring and maintenance, 
including: 

• The structural integrity of the reconstructed bank, berm, and upper beach.  The bank, 
berm, and beach must remain stable to protect areas with remaining PCB concentrations 
from exposure and erosion.  In addition to a routine inspection and maintenance 
program, event-based inspections will be completed after floods or seismic events that 
approach or exceed the design criteria. 

• The native vegetation growth and survival.  For vegetation monitoring, the inspections 
assess density, survival, diversity, and coverage.  Contingent actions are implemented as 
listed in the Vegetation Monitoring Plan (Grette 2014).   

Soil removed from the beach was managed in the mold basement and on the north side of the 
east landfill.  Soil excavated from the beach and placed in the mold basement had PCB 
concentrations ranging from <0.028 mg/kg to 9.3 mg/kg and was covered with a 6-in. cap of 
granular material.  This plan includes inspection and maintenance or contingencies for 
augmentation of the mold basement cap.  Soil excavated from portions of the beach with lower 
concentrations (PCB concentrations ranging from <0.020 mg/kg to 1.26 mg/kg) were placed on 
the east landfill and will be subject to maintenance and monitoring associated with the east 
landfill permit as described in Section 3.1. 
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An Easement and Equitable Servitude (EES) has been prepared and will be kept on file with the 
Multnomah County property deed. The EES addresses the long-term care to ensure the bank 
stabilization cap continues to prevent migration of contaminated soil, and habitat areas remain 
as habitat or are mitigated for if future reconstruction eliminates use as habitat.   
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2 SUBSTRATE MONITORING AND MAINTENANCE OF THE 
BERM, BANK, AND UPPER BEACH  

Monitoring and maintenance of the berm, bank, and upper beach substrate will focus on the 
stability of the reconstructed bank, the riverward face of the berm in the project area, and the 
upper beach.  Monitoring will assess stability and will determine the need for maintenance.  
Maintenance will be required when the bank or identified portions of the beach are 
compromised sufficiently such that soils beneath the rock armor cap could be exposed and 
eroded. 

2.1 MONITORING SCHEDULE 

Berm, bank, and upper beach inspections will be conducted to visually assess the condition of 
the bank rock armor and the reconstructed berm above the rock armor.  Inspections will be 
completed: 

• Semi-annually for Years 1 and 2  

• Annually for Years 3, 4 5, 7, and 10 

• When water recedes after the Willamette River rises above flood stage (currently 18 ft 
National Geodetic Vertical Datum of 1929 [NGVD29] at the Morrison Bridge gauge 
location)  

• After a seismic event that approaches or exceeds the seismic design criteria of a peak 
acceleration of 0.19 g (‘g’ is the acceleration of gravity).  For monitoring purposes, this 
will be considered a seismic event with a magnitude of 6.0 or larger that originates in the 
Portland area or after a magnitude 7.0 or greater subduction zone event.    

The monitoring schedule is summarized on Table 1. 

At Year 10, the performance and stability of the bank will be evaluated1.  The riverward side of 
the berm, the rock armor cap, and upper beach/north alcove areas with monitoring stakes will 
be evaluated for the presence or absence of significant disturbance.  If the riverbank action is 
performing sufficiently, periodic inspection and reporting will be eliminated.  Inspections will 
continue as needed after floods, earthquakes, or any observations that suggest berm, bank, and 
upper beach instability.  The riverbank stabilization must remain intact in perpetuity per the 
EES. 

                                            
1 If monitoring prior to year 10 suggests the stability of the bank is sufficient, EOS may request a reduced monitoring 
frequency prior to year 10. 
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2.2 BERM AND BANK  

Monitoring of the berm and bank (to the base of the rock armor) will be conducted by walking 
the entire length of the project area.  General berm and bank conditions will be noted, including 
any areas where sloughing, erosion, or geotextile indicator fabric are observed during 
inspections.  The blank inspection form in Appendix A will be filled out.   Photographs will be 
taken at pre-determined locations for inspections through Year 10 as noted in Section 2.4, and 
any location where bank or berm disturbances are observed. The southern riverbank removal 
area will be considered separately from the main stabilization area as this area was a removal 
action (rather than a stabilization) and slumping does not pose similar levels of risk. 

Documentation will be submitted to the EOS Energy and Environment Department.  If 
substantial disturbance or evidence of slumping is noted, EOS will have a registered Oregon 
professional engineer with applicable knowledge/experience (Engineer) review riverbank 
conditions and the need for maintenance or contingency measures. EOS, in cooperation with the 
Engineer, will coordinate any maintenance or contingency measures necessary to protect the 
stability of the rock armor layer on the bank and the berm. Maintenance and contingency 
measures will be documented and kept on file with inspection reports as noted in Section 2.5.  

As indicated above, inspections of the berm and bank will also be conducted after the river rises 
above flood stage (18 ft NGVD29 at the Morrison Bridge), or after a seismic event that 
approaches or exceeds the design criteria which is a peak ground acceleration (PGA) of 0.19 g.  
For reference, the seismic design report is included as Appendix B to this plan.  The riverbank 
may be subject to the design PGA from a number of different seismic events.  Shallow crustal, 
interslab, and deep subduction zone earthquakes of different magnitudes and at different 
locations can produce the design level PGA at the riverbank area.  It may take some time after 
an earthquake event to determine the actual PGA at the riverbank area that resulted from a 
particular event.  With this in mind, this plan sets seismic events that may cause the design level 
PGA at the site as events that will require inspections.  Inspections will be completed as soon as 
practical after a seismic event with a magnitude of 6.0 or larger that is listed as originating in the 
Portland area (typically a shallower event) or after a magnitude 7.0 or greater subduction zone 
event (typically an offshore event).  Monitoring will follow the same procedures as the routine 
berm and bank inspections discussed above.   Documentation will be submitted to the EOS 
Energy and Environment Department and any evidence of sloughing or failure will be 
reviewed by EOS and the Engineer.  EOS will coordinate with the Engineer to complete 
appropriate maintenance or contingency measures necessary to protect the stability of the rock 
armor layer on the bank and the berm. Contingency measures will be documented and kept on 
file with inspection reports.  
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2.3 UPPER BEACH  

The upper beach includes areas between 9.6 ft NGVD29 and the base of the riverbank rock 
armor.  The elevation of the base of the riverbank rock armor is approximately 15 ft NGVD29 
for the majority of the project length and increases to 25 ft NGVD29 in the north alcove.  The 
entire length of the upper beach and north alcove will be visually inspected on the schedule 
noted above and on Table 1 to assess for scour or erosion of imported beach material.  The blank 
inspection form provided in Appendix A will be filled out. Sorting and redistribution of beach 
substrate, including limited scour and erosion, are expected and will not be considered a cause 
for maintenance or contingent measures.      

In three select locations where total PCB concentrations in soil exceed 0.10 mg/kg at depth of 3 ft 
below post-construction surface grade, white rebar marker stakes have been embedded below 
the final surface grade to monitor for scour (Figures 1 and 2).  The top of each stake is 
embedded approximately 2 ft below the final post-construction beach grade, and 1 ft above the 
final excavation grade. Two of the upper beach areas with marker stakes are located in the north 
alcove between stations 4+00 and 5+25, and the third area is located in the upper beach north of 
the dock between stations 14+60 and 15+75.   Identification stakes have been installed on the 
mill side of the berm east of the embedded beach marker stakes to assist inspectors with 
identifying the approximate location of the beach marker stakes.  In the event that scour of the 
upper beach exposes the top 3 in. of any marker stakes, the locations will be documented in the 
substrate inspection form, the Engineer will be notified, and maintenance will be completed; 
likely, beach backfill will be placed to re-fill these areas2 up to the approximate elevation shown 
in the as-built drawings (Appendix C). 

If areas of excessive scour are observed on other portions of the upper beach or north alcove 
(areas where the total PCB concentrations in underlying soil were greater than 0.10 mg/kg as 
shown on Figures 1 and 2), they will be recorded and photographed.  In the unlikely event that 
scour exposes the ground surface underneath the imported beach fill, the Engineer will be 
notified to determine if backfilling of these exposed areas is necessary to maintain stability of 
the rock armor.  If necessary, backfill will be replaced2 to the approximate elevation shown in 
the as-built drawings (Appendix C). 

2.4 PHOTO DOCUMENTATION  

Ten photograph points have been established to document changes in upper beach substrate 
over the monitoring period. Photograph points are depicted on Figures 1 and 2 and each 
location has been recorded with a global positioning system (GPS). Four additional locations 

                                            
2 For areas below ordinary high water, placement of beach material to an elevation specified in the design drawings 
will occur during an in-water work window, and the U.S. Army Corps of Engineers (USACE) and the Oregon 
Department of State Lands (DSL) will be notified.  
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will be photographed of the bank at the approximate locations shown on Figures 1 and 2, 
including three locations on the bank within the main project area and one location on the bank 
in the southern riverbank removal area.  Photo points are permanently marked in the field with 
marker stakes (i.e., painted rebar) located at the base of the rock armor slope. At least four 
photographs will be taken from each photo point to document bank conditions surrounding 
each photo point. Berm conditions will be documented through vegetation photo 
documentation. 

2.5 REPORTING 

A bank, berm, and upper beach substrate inspection report will be generated following 
inspections and will be maintained on file at the EOS Energy and Environment Department.  At 
a minimum, these reports will include a completed inspection form and associated 
photographs, and will document any observed sloughing, erosion, or observations of geotextile 
indicator fabric.  Measures to address sloughing, erosion or other material movement and 
associated reporting will be reviewed and approved by an Engineer. 
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3 NATIVE VEGETATION MONITORING AND MAINTENANCE 

As part of the riverbank SCM, 1.74 acres of native riparian trees and shrubs have been planted 
above +28.5 ft NGVD29 on the bank and berm areas.  In addition, 0.73 acre of native trees and 
shrubs have been planted on the upper beach between +15 and +12 ft NGVD29 and up to +25 ft 
NGVD29 in the north alcove.  To ensure the establishment and continued development of these 
habitats, EOS will conduct monitoring of the vegetation and replacement of vegetation, as 
necessary, to meet the survival and density requirements outlined in this plan.  This native 
vegetation monitoring and maintenance plan is adapted from the Native Vegetation Monitoring 
Plan prepared for this SCM by Grette Associates in June 2014 (Grette 2014).  

3.1 MONITORING SCHEDULE 

Monitoring will occur annually, in Years 1 through 5, and in Years 7 and 10, as indicated on 
Table 1. 

Survival will be evaluated at Year 10 and, provided growth is sufficient, the area will be 
maintained as habitat in perpetuity per the EES. 

3.2 VEGETATION MONITORING 

3.2.1 Riparian Vegetation Monitoring Methods 

Monitoring of the riparian vegetation during the 10-year period following the completion of 
construction will include a determination of plant density, percent survival, species diversity, 
percent coverage of planted species, and percent coverage of invasive species.  Upland/riparian 
vegetation monitoring will be conducted in mid-summer, between July 1 and August 15 of each 
monitoring year.  The blank monitoring form included in Appendix A will be completed. 

The condition of vegetation at the riverbank will be evaluated by monitoring selected plots 
along seven transects of the riverbank. The seven transects established for the 10-year 
monitoring period are shown on Figures 1 and 2.  Transects are spaced approximately 260 ft  
apart and oriented perpendicular to the river, from the inland extent of the berm planting area 
riverward/down to the lower end of the beach planting area (no data will be collected on the 
rock armor section between +15 or +25 and +28.5 NGVD29). Each transect is identified with 
permanent orange-painted rebar identifier stakes driven to approximately 1.0 ft above ground 
surface. Two orange rebar marker stakes are located on each transect, one on the inland extent 
of the berm planting area and the second at the base of the rock armor on the upper beach and 
north alcove.  In addition to the orange rebar identifier stakes, permanent monitoring location 
stakes (orange-colored snow stakes) are located on the berm, upper beach, and north alcove at 
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15-ft intervals between the inland end/top and bottom of each transect.  The bottom of each 
transect on the upper beach ranges from 10 ft to 13 ft NGVD29. Transect location information is 
provided in Table 2.  There are no stakes located within the rock armor section. A 10- by 10-ft 
area (monitoring plot) will be evaluated around each stake.  

In Years 1 through 4, monitoring plots on each transect will be evaluated to assess density and 
percent survival of native trees and shrubs, percent cover of native herbaceous species, and the 
presence of noxious weeds/invasive species.  Data to be collected and recorded on the 
monitoring form will include number of native trees and shrubs within the sampling plot, 
number of species per sampling plot, percent cover of native herbaceous species, and percent 
cover of noxious/invasive herbaceous species and shrubs.  Density will be calculated as number 
of living trees and shrubs on each 10- by 10-ft monitoring plot. Percent survival will be 
calculated by counting the number of trees and shrubs in each monitoring plot at the time of 
planting (as-built count), then for each plot comparing each monitoring year’s count to the as-
built count. An average percent survival of all monitoring plots will constitute the site’s percent 
survival. Data will be compared to the performance standards described in Section 2.3 to 
determine if maintenance or contingency measures are required.  

In Years 5, 7, and 10, density data will not be collected, and collection of percent cover data for 
tree and shrub species will begin. Evaluation of percent survival of native trees and shrubs, 
cover of herbaceous species, and the presence of noxious weeds/invasive species in the 10- by 
10-ft monitoring plots will continue.  Percent cover for shrub species will also be evaluated 
using the 10- by 10-ft monitoring plots. For tree species percent cover, a 30-ft-diameter plot will 
be used. One plot will be located every 45 ft along each transect, starting at least 15 ft in from 
the inland end of the transect to ensure the whole plot is located within the planting area 
(Figures 4 through 7). Monitoring plot spacing is consistent with National Oceanic and 
Atmospheric Administration (NOAA) protocols for vegetation monitoring in the Lower 
Columbia River and estuary (NOAA 2009). This is a reduction in plot size and frequency from 
the 2014 vegetation monitoring plan (Grette 2014) to ensure no overlap between the plots.   

In addition to evaluating the monitoring plots, the percent coverage of invasive species that are 
problematic to the area (e.g., reed canary grass, Himalayan blackberry, Scot’s broom) will be 
noted within the riparian planting area as a whole and within the 10-ft buffer around the 
landward side of the riparian planting area and above ordinary high water (OHW), 16.6 ft 
NGVD29.  The inspector will note if the percentage of invasive species that are problematic to 
the area exceed 10 percent aerial cover in any portion of the Riparian Zone planting area or 
within the 10-ft buffer. 

3.2.2 Vegetative Photograph Points 

Vegetation will be documented with photographs at each of the 10- by 10-ft monitoring plots 
shown on Figures 1 and 2. The monitoring plots/photograph points are marked with permanent 
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orange-colored snow stakes.  Two photographs will be taken at each of the monitoring plots. 
The top and bottom of each of the seven transects are surveyed and these coordinates are 
provided in Table 2.   

3.3 PERFORMANCE STANDARDS 

The monitoring results will be compared to the performance standards, maintenance actions 
will be completed, and contingency actions will be considered.  Performance standards 
establish long-term native vegetation growth and survival criteria, as indicated below and 
summarized on Table 3.  

Years 1 through 4:  

1. There shall be 75% survival of all planted trees and shrubs. 

2. Density of shrubs and trees will be at least 1,500 shrubs/trees per acre in both planting 
areas. During the first 4 years, trees and shrubs will be excluded from percent cover. 
Density of trees and shrubs will not be monitored after Year 4.  

3. At least 60% cover of native herbaceous species.  

4. No more than 10% cover noxious/invasive herbaceous species. 

5. No more than 10% cover noxious/invasive shrub species. 

Years 5 and 7:  

1. There shall be 75% survival of all planted trees and shrubs. 

2. At least 50% cover of trees in overstory. 

3. At least 30% cover of native herbaceous species. 

4. At least 50% cover of native shrubs. 

5. No more than 10% noxious/invasive herbaceous species. 

6. No more than 5% noxious/invasive shrub species. 

Year 10:  

1. There shall be 75% survival of all planted trees and shrubs and 

a. There shall be a minimum of 1.31 acres of riparian tree/shrub plantings above 
+28.5 ft NGVD29 (equivalent to 75% survival). 

b. There shall be a minimum of 0.55 acre of planting area below +15 ft NGVD29 in 
the main upper beach planting area and below +25 in the north alcove area 
(equivalent to 75% survival). 
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2. At least 80% cover for tree species in overstory. 

3. At least 20% cover for native herbaceous species. 

4. At least 70% cover for native shrub species. 

5. No more than 5% cover for non-native herbaceous species and shrubs. 

3.4 MAINTENANCE ACTIVITIES 

If inspections indicate noxious weeds and other exotic plants (e.g., reed canary grass, 
Himalayan blackberry, Scot’s broom) that exceed an estimated 10 percent areal cover, these 
plants will be removed from the planting areas as well as within a 10-ft non-native plant 
clearance area around the Riparian Zone planting area. Noxious vegetation to be removed from 
within the planting areas would be removed by non-chemical means. Approved herbicides in 
compliance with the Portland Parks Integrated Pest Management Policy for waterways may 
only be used within the 10-ft non-native plant clearance area located on the top or landward 
side of the Riparian Zone planting area and above OHW (Figures 1 and 2). The following best 
management practices will be implemented during herbicide application to ensure that no 
herbicides enter the river:  

• Herbicide use will be limited to periods of low water, either in the spring prior to high 
flows or in the later summer after high flows. 

• Herbicides will not be applied in windy conditions to limit the potential for overspray to 
be blown into unintended areas. 

• Herbicides will not be applied during precipitation, or when precipitation is forecast, to 
limit the potential for herbicides to enter the river via runoff.  

During Year 1, if survival of planted trees and shrubs does not meet performance criteria, trees 
or shrubs will be replanted to exceed criteria without developing and submitting a contingency 
plan as identified in Section 3.6. 

3.5 REPORTING 

Vegetation monitoring reports will be submitted to DEQ, USACE, and DSL by December 15 of 
each monitoring year (Years 1 through 5, 7, and 10). The monitoring reports will document the 
monitoring activities that were performed, the results of the monitoring with a comparison to 
the performance standards, and changes that have occurred within the planting areas.  Also, the 
monitoring reports will either document maintenance completed or provide recommendations 
for improvements and/or corrective measures for any problems noted during the monitoring 
visits per the contingency plan in Section 3.6. 
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3.6 CONTINGENCY PLAN 

This contingency plan provides a strategy to address unforeseen changes in site conditions or 
other components of the planting areas, as well as a framework for taking action if the planting 
areas fail to meet performance standards.  Careful attention to maintenance is essential to meet 
standards and to minimize the potential for failure.  Should any portion of the planting areas 
fail to meet the success criteria, a contingency plan will be developed and implemented with 
USACE and DSL approval.  Such plans are prepared on a case-by-case basis to reflect the failed 
enhancement characteristics.  The contingency plan would include the following steps: 

1. Identify potential contingency actions based on an analysis of the cause of the shortfall 

2. Initiate contingency planning procedures, consisting of: 

a. A problem recognition process to determine if there is a problem and if so, the 
nature and extent of the problem 

b. A contingency planning and response process to develop and implement 
contingency actions as necessary, depending on the results of the monitoring 
program and problem recognition step. 

Any selected contingency action would vary depending on whether physical or biological 
processes are responsible for non-attainment of performance standards and the level of 
shortfall.  If the project fails one or more performance standards, but the permitting agencies 
agree the shortfall is minor, additional monitoring prior to undertaking more intense corrective 
actions may be proposed.  If additional monitoring indicates that more intense corrective 
actions may be implemented, contingency actions may include, but are not limited to: 

1. Using some or all of the approximately 8.1 Discounted Service Acre-Year net positive 
credits created by the project toward addressing shortfalls 

2. Replacing, as necessary, plants lost to vandalism, drought, or disease  

3. Replacing any plant species with a 20% or greater mortality rate after two growing 
seasons with the same species or species approved by DSL 

4. Continue irrigating the planting areas only as necessary during dry weather if plants 
appear to be too dry  

5. Removing all trash or undesirable debris from the buffer areas as necessary. 
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4 ONSITE SOIL MANAGEMENT AREAS MONITORING AND 
MAINTENANCE 

The two onsite soil management areas include a narrow strip of unused land on the north side 
of the east landfill, and a concrete-lined, unused basement in the former melt shop (mold 
basement).  Excavated berm and beach soils meeting site-specific upland surface and subsurface 
soil management screening criteria for PCBs were placed at each of these locations as described 
in the Upland Soil Management Plan (Attachment C of the Construction Completion Report). 
The upper beach and berm soil placed in the onsite soil management areas are shown on Figure 
3.  EOS will implement monitoring and maintenance for each of these soil management areas, as 
described below. 

4.1 EAST LANDFILL 

Excavated berm and beach soils meeting site-specific upland surface and subsurface soil 
management screening criteria for PCBs were transported to the north side of the east landfill 
and managed onsite (Table 4).  Approximately 4,700 cubic yards of beach soils were placed 
along the north side of the east landfill in 18-in. lifts and compacted to a non-yielding surface.  
A geotextile indicator fabric was placed on top of the compacted beach material.  
Approximately 1,600 cubic yards of berm soil meeting upland surface management screening 
criteria was placed over the indicator fabric in a 1-ft-thick layer to cap the beach material and 
serve as a medium for grass growth. Following placement of all excavated berm material, 
additional capping/growing medium was needed to cover approximately one-third of the 
compacted beach material and geotextile.  Jute matting was placed over the soil cap and 
hydroseeded to stabilize the newly placed fill (Integral and Crete 2016).   

DEQ approved placement of this soil on the side of a DEQ-permitted landfill.  Management and 
monitoring of the soil placed on the landfill will be conducted in conjunction with, and in 
accordance with, the conditions set forth in solid waste letter authorization permit no. 1326, 
dated September 23, 2005.  This includes quarterly surface visual inspections after the first year 
of construction, and annual inspections thereafter (Table 1).  Inspections for the first four 
quarters will be documented on the onsite soil management log form provided in Appendix A 
and maintained on file at the EOS Energy and Environment Department.  Subsequent annual 
inspections will be included in the overall landfill inspection requirements. 

4.2 MOLD BASEMENT 

Excavated beach soils meeting site-specific upland subsurface soil management screening 
criteria for PCBs were transported to the mold basement and managed onsite (Table 5).  
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Approximately 3,700 cubic yards of excavated beach material from the upper beach and from 
the excavation for construction of the toe of the rock armor was placed and compacted in the 
mold basement.  Beach fill was placed and compacted in lifts in the mold basement within 
approximately 8 in. of surrounding surface grade.  A geotextile indicator fabric was placed on 
top of the compacted soil, and 6 in. of imported crushed rock was placed and compacted on top 
of the indicator fabric (Integral and Crete 2016). 

Annual inspections will be conducted to confirm the 6-in. crushed rock remains intact and the 
indicator fabric is not exposed (Table 1).  EOS may request DEQ concurrence to decrease in 
inspection frequency based on proven performance of the gravel cover or replacement of the 
gravel cover with a more permanent treatment.  Inspections will be documented on the onsite 
soil management log form provided in Appendix A.  Should the indicator geotextile fabric be 
exposed or the gravel be less than 3 in. thick, additional gravel will be placed to amend the area.  
Should EOS elect to amend the gravel surface with concrete or asphalt without removing the 
existing gravel cover, DEQ will be notified.  In the event EOS reconfigures the mold basement 
in a way that removes portions of the managed soil or existing gravel cover, EOS will provide 
DEQ with a plan for soil handling and capping prior to completing construction.   
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Table 1.  Riverbank Inspection and Monitoring Schedule
Monitoring Year 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025
Vegetation Monitoring Annual Annual Annual Annual Annual None Annual None None Annual
Upper Beach Substrate 
Monitoring 

Semi-Annual Semi-Annual Annual Annual Annual None Annual None None Annual

Berm and Bank Inspection Semi-Annual Semi-Annual Annual Annual Annual Annual Annual Annual Annual Annual
East Landfill Quarterly Annual1 Annual1 Annual1 Annual1 Annual1 Annual1 Annual1 Annual1 Annual1

Mold Basement Annual Annual Annual Annual Annual Annual Annual Annual Annual Annual

1 East Landfill inspections will be completed under Solid Waste Letter Authorization Permit No. 1326
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Table 2.  Vegetation, Upper Beach Substrate, and Bank Monitoring Locations
Elevation

X Y ft NGVD 29

S1 Permanent Monitoring Plot - Beach 1415923.335 724625.093 13.18
S2 Additional Beach Monitoring Plot 1415869.598 724511.033 13.11
S3 Permanent Monitoring Plot - Beach 1415812.315 724380.037 10.14
S4 Permanent Monitoring Plot - Beach 1415709.327 724148.777 11.59
S5 Additional Beach Monitoring Plot 1415659.129 724048.017 11.58
S6 Permanent Monitoring Plot - Beach 1415607.685 723926.247 10.19
S7 Permanent Monitoring Plot - Beach 1415501.053 723671.633 11.57
S8 Permanent Monitoring Plot - Beach 1415434.861 723439.055 11.85
S9 Additional Beach Monitoring Plot 1415432.589 723402.709 12.77
S10 Additional Beach Monitoring Plot 1415398.011 723276.823 14.52

MS-1 Beach Substrate Monitoring Stake 1415938.264 724599.5775 18.62
MS-2 Beach Substrate Monitoring Stake 1415928.855 724587.9482 18.11
MS-3 Beach Substrate Monitoring Stake 1415920.061 724577.0818 17.39
MS-4 Beach Substrate Monitoring Stake 1415973.636 724608.5765 23.07
MS-5 Beach Substrate Monitoring Stake 1415967.963 724588.855 24.72
MS-6 Beach Substrate Monitoring Stake 1415944.057 724570.0215 22.89
MS-7 Beach Substrate Monitoring Stake 1415490.49 723652.5367 12.78
MS-8 Beach Substrate Monitoring Stake 1415479.323 723628.4475 12.24
MS-9 Beach Substrate Monitoring Stake 1415467.396 723602.6175 12.23

ID-1
      

Berm Reference Location 1416003.508 724544.5925 40.58
ID-2

      
Berm Reference Location 1415527.381 723611.9356 38.57

Upper Beach Substrate Monitoring Stake Location Identifiers 

Location Coordinates
TypePlot/Stake ID

Upper Beach Substrate Monitoring Locationsa

Upper Beach Substrate Embedded Monitoring Stake
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Table 2.  Vegetation, Upper Beach Substrate, and Bank Monitoring Locations
Elevation

X Y ft NGVD 29
Location Coordinates

TypePlot/Stake ID
    

T1 Transect Start Location - Berm 1416030.193 724561.916 36.04
T2 Transect Start Location - Berm 1415926.898 724332.269 35.6
T3 Transect Start Location - Berm 1415765.396 724125.008 37.64
T4 Transect Start Location - Berm 1415654.892 723908.674 33.6
T5 Transect Start Location - Berm 1415567.581 723643.593 39.1
T6 Transect Start Location - Berm 1415496.117 723423.124 39
T7 Transect Start Location - Berm 1415417.075 722965.372 28.92

B1 Photo Documentation Location - Bank 1415767.518 724255.7244 10.92
B2 Photo Documentation Location - Bank 1415574.392 723822.1678 12.98
B3 Photo Documentation Location - Bank 1415420.606 723334.496 12.92
B4 Photo Documentation Location - Bank 1415381.947 722965.5444 18.93

Notes:
Location coordinates provided in Oregon State Plane North, NAD27 (ft)
aMonitoring locations S1, S3, S4, S6, and S7 also represent the upper beach end of the vegetation monitoring transects.

Vegetation Monitoring Transect Start Locations

Bank Photo Documentation Location
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Table 3.  Vegetation Performance Standards
Monitoring Year 2016 2017 2018 2019 2020 2022 2025
Percent tree and shrub survival 75% 75% 75% 75% 75% 75% 75%
Tree and shrub density (per acre) ≥ 1,500 ≥ 1,500 ≥ 1,500 ≥ 1,500 -- -- --
Percent cover, herbaceous ≥ 60% ≥ 60% ≥ 60% ≥ 60% ≥ 30% ≥ 30% ≥ 20%
Percent cover, shrub -- -- -- -- ≥ 50% ≥ 50% ≥ 70%
Percent cover, tree -- -- -- -- ≥ 50% ≥ 50% ≥ 80%
Percent cover, noxious/invasive herbaceous ≤ 10% ≤ 10% ≤ 10% ≤ 10% ≤ 10% ≤ 10% ≤ 5%
Percent cover, noxious/invasive shrub ≤ 10% ≤ 10% ≤ 10% ≤ 10% ≤ 5% ≤ 5% ≤ 5%
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Table 4.  Soil Concentrations in East Landfill Soil Management Area
PCBs (in mg/kg)

Total PCBs Arsenic Cadmium Chromium Copper Lead Manganese Zinc
Subsurface Soil Reuse Criteria: 8.8 13 150 460,000 12,000 800 14,609 NA

Surface Soil Reuse Criteria: 0.85 8.8 150 460,000 12,000 800 14,609 NA

Stationing Fill Unit
Total PCBs 

(mg/kg)
 Reuse Criteria 

Exceedance 
2+50 - 6+25 Beach <0.099 2.6 0.11 32.9 28.3 6.39 660 60.5 None
2+50 - 6+25 Beach <0.099 3 0.1 30.7 27.8 4.71 578 66.3 None
2+50 - 6+25 Beach 0.06 NA NA NA NA NA 3,540 NA None
2+50 - 6+25 Beach <0.10 1.1 0.12 5 6 3.25 137 38 None
2+50 - 6+25 Beach 1.43 2.3 0.81 69.6 29 60.5 1,650 268 Surface
2+50 - 6+25 Beach 0.10 2.2 0.22 12 12.8 9.61 805 84 None
2+50 - 6+25 Beach 0.21 1.4 0.14 10.4 8 4.73 201 46.4 None
2+50 - 6+25 Beach 0.13 1.6 0.24 18.8 16.4 13.9 230 99.5 None
2+50 - 6+25 Beach 0.47 3 0.54 99.5 36.8 41.1 2,540 189 None
2+50 - 6+25 Beach 0.81 4.6 <1 640 102 <20.8 NA 116 None
9+50-10+50 Beach 0.05 NA NA NA NA NA 843 30.3 None
9+50-10+50 Beach <0.098 1 0.1 5.2 5.2 2.4 147 32 None
9+50-10+50 Beach 0.57 3.3 0.21 93.1 20.4 7.95 2,690 56.9 None
11+40-12+50 Beach 0.44 NA NA NA NA NA NA NA None
11+40-12+50 Beach 0.88 2.6 0.52 75.7 144 25 1,220 744 Surface
11+40-12+50 Beach 0.19 132 2.1 223 103 103 NA 823 Subsurface
15+50-19+15 Beach 0.02 NA NA NA NA NA 268 NA None
15+50-19+15 Beach <0.087 1.8 0.14 7.8 16.6 4.52 370 45.7 None
15+50-19+15 Beach 0.78 2.2 0.36 86.4 22.1 22.2 1,760 128 None
15+50-19+15 Beach 0.26 2 0.33 28.2 27.4 20.3 629 125 None
15+50-19+15 Beach <0.098 2.5 0.14 7.7 9.84 5.59 718 47.8 None
15+50-19+15 Beach 0.029 9.1 0.53 46.5 20.9 12.5 19,600 76.3 Subsurface
15+50-19+15 Beach <0.099 7.7 0.43 58.4 26.9 9.55 21,700 67.3 Subsurface
15+50-19+15 Beach 0.193 2.2 0.14 24.1 14.6 9.09 999 65.4 None
15+50-19+15 Beach 0.43 NA NA 321 NA NA 34,000 NA Subsurface
11+40-12+50 Beach <0.027 2.57 0.21 209 31.3 18.7 2,890 88.3 None
11+40-12+50 Beach 0.006 3.73 0.172 18.7 18 7.69 396 67.8 None
11+40-12+50 Beach 0.012 3.81 0.204 23.3 19.2 8.64 519 69.7 None
2+50 - 6+25 Northern alcove <0.021 4.22 0.126 30 29.3 7.25 515 58.2 None
2+50 - 6+25 Northern alcove <0.032 4.98 0.085 31.7 35.2 5.7 678 59.5 None
2+50 - 6+25 Northern alcove 0.49 5.27 0.412 59.6 31.9 17.9 989 108 None
2+50 - 6+25 Northern alcove 0.043 3.13 0.167 17.5 16.5 5.94 732 53.5 None
2+50 - 6+25 Northern alcove <0.028 4.43 0.1 29.2 23.5 7.35 569 56.7 None
2+50 - 6+25 Northern alcove 0.034 1.95 0.16 11.6 9.92 5.21 221 50.9 None

Metals (in mg/kg)
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Table 4.  Soil Concentrations in East Landfill Soil Management Area
PCBs (in mg/kg)

Total PCBs Arsenic Cadmium Chromium Copper Lead Manganese Zinc
Subsurface Soil Reuse Criteria: 8.8 13 150 460,000 12,000 800 14,609 NA

Surface Soil Reuse Criteria: 0.85 8.8 150 460,000 12,000 800 14,609 NA

Stationing Fill Unit
Total PCBs 

(mg/kg)
 Reuse Criteria 

Exceedance 

Metals (in mg/kg)

2+50 - 6+25 Northern alcove 0.61 4.17 1.64 62.9 31.1 136 1,340 400 None
2+50 - 6+25 Northern alcove 0.12 2.37 0.515 78.5 17 47.8 912 177 None
2+50 - 6+25 Northern alcove 0.050 2.83 0.263 22.8 14 12 381 79.7 None
8+10-15+50 Berm <0.021 NA NA NA NA NA NA NA None
8+10-15+50 Berm 0.12 4.52 0.399 95.9 29.3 13.2 1,060 87.7 None
8+10-15+50 Berm 0.21 4.54 0.346 171 36.3 13.6 1,790 94.6 None
8+10-15+50 Berm <0.021 NA NA NA NA NA NA NA None
8+10-15+50 Berm 1.3 NA NA NA NA NA NA NA Surface
16+15-18+90 Berm 0.12 9.49 1.06 335 130 10.3 3,090 76.3 Surface
16+15-18+90 Berm <0.020 NA NA NA NA NA NA NA None
16+15-18+90 Berm 0.074 4.45 0.254 89.7 21.8 8.98 845 76.1 None
2+65 - 6+25 Toe 0.080 2.95 0.281 <11.6 7.95 18.9 218 107 None
2+65 - 6+25 Toe 0.16 2.71 <0.112 <9.5 8.48 5.14 202 51 None
15+50-19+15 Toe 0.042 5.54 <0.135 <9.5 18.6 5.6 334 52.1 None
15+50-19+15 Toe 0.35 5.51 1.26 515 39.2 62 14,500 306 None
15+50-19+15 Toe <0.020 NA NA NA NA NA NA NA None

Notes:
NA = not applicable
PCB = polychlorinated biphenyl
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Table 5.  Soil Concentrations in Mold Basement Soil Management Area
PCBs (in mg/kg)

Total PCBs Arsenic Cadmium Chromium Copper Lead Manganese Zinc
Subsurface Soil Reuse Criteria: 8.8 13 150 460,000 12,000 800 14,609 NA

Surface Soil Reuse Criteria: 0.85 8.8 150 460,000 12,000 800 14,609 NA

Stationing Fill Unit
Total PCBs 

(mg/kg)
 Reuse Criteria 

Exceedance 
6+25-9+50 Beach 4.30 4.4 2.28 1,530 34.6 197 14,000 805 Surface
6+25-9+50 Beach 4.60 4.4 2.43 194 51.7 237 6,460 509 Surface
6+25-9+50 Beach 0.12 2.1 0.32 37.2 12 12 3,680 96 None
6+25-9+50 Beach 0.17 20.1 0.47 16.4 31.3 29 5,140 122 Subsurface
11+40-12+50 Beach <0.20 1.8 <1.1 13.1 11.1 <21 NA 43.1 None
11+40-12+50 Beach 0.55 6.6 <1.1 252 145 166 NA 209 None
12+50-15+50 Beach 0.01 NA NA NA NA 4.86 NA 61.2 None
12+50-15+50 Beach 0.06 1.4 0.24 7.5 10 15.7 241 75.7 None
12+50-15+50 Beach 3.30 NA NA NA NA 185 NA 773 Surface
12+50-15+50 Beach 0.03 NA NA NA NA NA NA NA None
12+50-15+50 Beach 0.22 1.1 0.18 7.7 5.1 4.43 196 53.4 None
12+50-15+50 Beach 9.30 NA NA NA NA NA NA NA Subsurface
6+25-9+50 Beach 0.87 10.6 1 148 56 48 1,830 184 Surface
6+25-9+50 Beach <0.028 2.68 0.093 31.2 28 6.63 289 57.2 None
6+25-9+50 Beach 0.97 4.73 0.39 49.7 27.8 24.4 1,130 127 Surface
6+25-9+50 Beach 0.561 5.14 0.425 74.8 31.1 25.5 1260 149 None
6+25-9+50 Beach <0.021 5.43 0.238 31.3 34.9 20 460 86.3 None
6+25-9+50 Beach 0.175 5.21 0.21 33.5 33.6 14 451 84.7 None
6+25-9+50 Beach <0.028 10.8 0.48 24.3 37 31.6 650 139 Surface
6+25-9+50 Beach 1.8 2.0 1.5 229 38.5 109 NA 698 Surface
6+25-9+50 Beach 9.3 2.8 <1.1 277 54.4 108 NA 479 Subsurface
6+25-9+50 Beach 2.8 6.8 <1 252 36.0 67.5 NA 345 Surface
6+25-9+50 Northern alcove 0.77 4.67 0.49 159 35.9 26.8 1,750 15 None
6+25-9+50 Northern alcove 0.46 5.37 0.43 55 31.6 18.8 917 104 None
6+25-9+50 Toe 0.072 1.87 <0.216 <13.9 7.91 12.8 293 79 None
12+50-15+50 Toe <0.020 2.28 <0.149 <9.1 7.39 3.9 148 46.8 None

Notes:
NA = not applicable
PCB = polychlorinated biphenyl

Metals (in mg/kg)
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 Property Address: Evraz Oregon Steel Mill
14400 N Rivergate Blvd
Portland, OR 972102

 Inspection Date:

 Inspected By:

 Inspection Type: Routine_________ Post Maintenance Follow-up ___________

 Rainfall Information

Rainfall Data Source: ____________________

SCM Element Problem
Yes or 
No? Corrective Action Photo No.

Standing water

Clogged or Damaged Irrigation 
Lines

Gullies

Erosion

Slope Slippage

Safety hazards

EVRAZ RIVERBANK SOURCE CONTROL MEASURES
INSPECTION & MAINTENANCE LOG

 Date/Time of Last Rainfall: ____________________

Inspection Time:_______________________

Berm

 Rainfall Total: _______________________________
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SCM Element Problem
Yes or 
No? Corrective Action Photo No.

Rock Armor Sloughing

Exposed Geotextile Fabric

Gullies

Erosion

Slope Slippage

Safety hazards

Beach Substrate Marker Stakes 
visible

Erosion 

Safety hazards

Note:  Monitoring and Maintenance will follow procedures provided in the Long Term Maintenance and Monitoring Plan for 
Riverbank Source Control Measures for the Evraz Facility.

Upper Beach

INSPECTION & MAINTENANCE LOG (cont.)
STORMWATER SOURCE CONTROL MEASURES

Bank
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 Property Address: Evraz Oregon Steel Mill
14400 N Rivergate Blvd
Portland, OR 972102

 Inspection Date:

 Inspected By:

 Inspection Type: Routine_________ Post Maintenance Follow-up ___________

 Rainfall Information

Rainfall Data Source: ____________________

SCM Element Problem
Yes or 
No? Corrective Action Photo No.

Exposed Orange Indicator Fabric

Gullies

Erosion

Slope Slippage

Vegetation Bare Spots

Safety hazards

Exposed Orange Indicator Fabric

Ruts in Gravel Cap

Safety hazards

EVRAZ RIVERBANK SOURCE CONTROL MEASURES
INSPECTION & MAINTENANCE LOG

 Date/Time of Last Rainfall: ____________________

Inspection Time:_______________________

Note:  Monitoring and Maintenance will follow procedures provided in the Long Term Maintenance and Monitoring Plan for 
Riverbank Source Control Measures for the Evraz Facility.

 Rainfall Total: _______________________________

East Landfill - North 
Side

Mold Basement
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Monitoring Year:
Date:
Investigator(s): 

Photo Location Photo Number Orientation Description Camera

Evraz Oregon Steel Riverbank Stabilization
Photo Log



Monitoring Year:
Date:
Investigator(s): 

Transect #

# Planted (2015-
2016)

# Living 
Plants % Survival

# Planted (2015-
2016)

# Living 
Plants

% 
Survival

# Planted (2015-
2016)

# Living 
Plants

% 
Survival

# Planted (2015-
2016)

# Living 
Plants

% 
Survival

# Planted 
(2015-2016)

# Living 
Plants % Survival

# Planted 
(2015-2016)

# Living 
Plants % Survival

Abies grandis Grand Fir

Acer macrophyllum Bigleaf Maple

Alnus rubra Red Alder

Crataegus douglassii Black Hawthorne

Fraxinus latifolia Oregon Ash

Populus balsamifera ssp. Triocarpa Black Cottonwood

Pseudotsuga menziesii Douglas Fir

Cornus sericea var. stolonifera Red-osier Dogwood

Corylus cornuta Beaked Hazelnut

Holodiscus discolor Oceanspray

Mahonia nervosa Oregon Grape

Oemleria cerasiformis Indian Plum

Philadelphis lewisii Mock Orange

Ribes sanguineum Red Flowering Currant

Rosa nutkana Nootka Rose

Rubus parviflora Thimbleberry

Sabucus racemosa Red Elderberry

Salix hookeriana Hooker's Willow

Salix lucida ssp. Lasiandra Pacific Willow

Salix stichensis Sitka Willow

Symphoricarpus albus Snowberry

Total Number Native Trees/Shrubs

Total Percent Cover Native Herbaceous Species

Trees

Shrubs

Plot 1 Plot 2 Plot 3 Plot 5 Plot 6

Evraz Oregon Steel Riverbank Stabilization
Native Vegetation Monitoring Plan 

Years 1-4

Percent Survival of Planted Trees/Shrubs (10' x 10' Plots)

Plot 4

Percent Cover Noxious/Invasive Herbaceous and Shrub Species



Monitoring Year:
Date:
Investigator(s): 

Transect #

# Planted (2015-
2016)

# Living 
Plants

% 
Survival

# Planted (2015-
2016)

# Living 
Plants

% 
Survival

# Planted (2015-
2016)

# Living 
Plants

% 
Survival

# Planted (2015-
2016)

# Living 
Plants

% 
Survival

# Planted 
(2015-2016)

# Living 
Plants % Survival

# Planted 
(2015-2016)

# Living 
Plants % Survival

Abies grandis Grand Fir

Acer macrophyllum Bigleaf Maple

Alnus rubra Red Alder

Crataegus douglassii Black Hawthorne

Fraxinus latifolia Oregon Ash

Populus balsamifera ssp. Triocarpa Black Cottonwood

Pseudotsuga menziesii Douglas Fir

Cornus sericea var. stolonifera Red-osier Dogwood

Corylus cornuta Beaked Hazelnut

Holodiscus discolor Oceanspray

Mahonia nervosa Oregon Grape

Oemleria cerasiformis Indian Plum

Philadelphis lewisii Mock Orange

Ribes sanguineum Red Flowering Currant

Rosa nutkana Nootka Rose

Rubus parviflora Thimbleberry

Sabucus racemosa Red Elderberry

Salix hookeriana Hooker's Willow

Salix lucida ssp. Lasiandra Pacific Willow

Salix stichensis Sitka Willow

Symphoricarpus albus Snowberry

Total Number Native Trees/Shrubs

Total Percent Cover Native Herbaceous Species

Percent Cover Noxious/Invasive Herbaceous and Shrub Species

Trees

Shrubs

Evraz Oregon Steel Riverbank Stabilization
Native Vegetation Monitoring Plan 

Years 5, 7, and 10

Percent Survival of Planted Trees/Shrubs (10' x 10' Plots)

Plot 1 Plot 2 Plot 3 Plot 4 Plot 5 Plot 6



Monitoring Year:
Date:
Investigator(s): 

Transect #

# Plants % Cover # Plants % Cover # Plants % Cover # Plants % Cover # Plants % Cover # Plants % Cover

Abies grandis Grand Fir

Acer macrophyllum Bigleaf Maple

Alnus rubra Red Alder

Crataegus douglassii Black Hawthorne

Fraxinus latifolia Oregon Ash

Populus balsamifera ssp. Triocarpa Black Cottonwood

Pseudotsuga menziesii Douglas Fir

Cornus sericea var. stolonifera Red-osier Dogwood

Corylus cornuta Beaked Hazelnut

Holodiscus discolor Oceanspray

Mahonia nervosa Oregon Grape

Oemleria cerasiformis Indian Plum

Philadelphis lewisii Mock Orange

Ribes sanguineum Red Flowering Currant

Rosa nutkana Nootka Rose

Rubus parviflora Thimbleberry

Sabucus racemosa Red Elderberry

Salix hookeriana Hooker's Willow

Salix lucida ssp. Lasiandra Pacific Willow

Salix stichensis Sitka Willow

Symphoricarpus albus Snowberry

Trees - 30' Diamter Plot

Shrubs - 10' x 10' Plot

Evraz Oregon Steel Riverbank Stabilization
Native Vegetation Monitoring Plan 

Years 5, 7, and 10

Percent Cover

Plot 1 Plot 2 Plot 3 Plot 4 Plot 5 Plot 6
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TO:    Linda Baker, Integral Consulting 

FROM:    Mike Byers, P.E. – CRETE Consulting Inc. 

PROJECT:  EVRAZ Oregon Steel Rivergate Facility  

SUBJECT:  Technical Memorandum – Stability Analysis Riverbank Source Control Measure 

DATE:    November 4, 2014 

CC:    File 

 

EVRAZ Oregon Steel (EOS) is implementing a source control measure (SCM) to remove and 

stabilize contaminants in the riverbank at its Rivergate property in Portland, Oregon.  This 

memorandum describes the results of stability calculation to support of the SCM.  Attachment 1 

contains a selection from the current design set that shows the configuration and location of the 

Riverbank SCM including the primary components of the design.  Attachment 2 contains the 

details stability calculations and Attachment 3 contains the calculations to determine berm 

stabilization measures necessary for long term berm stability.  The study modeled various slope 

conditions that include the following conditions: 

 Construction condition: where the slope excavation has been completed and no backfill 

has been placed 

 Long‐term static and seismic conditions: with the groundwater and river water levels at 

elevation 9.6 

 Long‐term static and seismic conditions: with the groundwater and river water levels at 

OHW (elevation 16.6) 

 Long‐term static and seismic conditions: with the groundwater and river water levels at 

the 100‐yr flood elevation of 27.5. 

The two‐dimension, pseudo‐static slope stability modeling program SLIDE 6.0 developed by 

RocScience was utilized to determine the critical factors of safety for the slope conditions and 

configurations.  The program allows input of reinforcement layers and seismic loading and 

performs a search for the most critical failure surface given a set of input parameters.   

Input Parameters 

Input parameters for the stability study included the following: 

 Slope Geometry – Attachment 1 shows the design profile of the stabilization as well as 

the cross section details along the riverbank.  A section in the center of the riverbank 
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area (station 15+00) was selected as the most critical section since this location contains 

the highest berm section.   

 Material Properties – Attachment 2 contains the detailed development of material 

properties for analyses of the slope.  The basic soil units included the berm material, soil 

slag fill, dredged fill/shallow native soil, rock armor, crushed rock cushioning layer, 

filtration geotextile, and backfilled berm or imported material.  Soil properties were 

developed using existing soil boring information that has been completed across the 

riverbank through numerous soil exploration programs.  Soil/slag fill properties were 

also developed based on the exposed material physical characteristics where this soil 

unit is standing vertical over the entire riverbank project area.   

 Excavation slope geometry – It was assumed that the excavation geometry would be the 

only the excavation required to shape the slope as indicated on Attachment 1 to facilitate 

stabilization backfill. 

 Groundwater conditions – Three different groundwater conditions were utilized in the 

stability study to model the variable groundwater conditions expected to occur at the 

site.  The low water conditions utilized both river water and groundwater elevation at 

9.6 ft.  The high water conditions utilized both river water and groundwater elevations 

at the 100‐year flood elevation of 27.5.  And an intermediate river water and 

groundwater level at the ordinary high water elevation of 16.6 was utilized.  For the 

purposes of the stability study, the groundwater elevation was assumed to be flat across 

the model area. 

 Seismic loading – Seismic loading input parameters consisted of a pseudo‐static 

horizontal parameter that was taken as ½ of the peak ground acceleration (PGA) at the 

site for an earthquake level that represented a 10 percent probability of exceedance in 50 

years (corresponds to a recurrence interval of about 500 years).  The PGA was developed 

by using established USGS Seismic Hazard Maps as detailed in a recent geotechnical 

study completed by others on the site for a new pipe rolling mill.  The new pipe rolling 

mill project was completed by Evraz Oregon Steel in 2005.  The PGA was determined to 

be 0.19g, so the pseudo‐static input parameter was 0.10.   

 Reinforcement Geotextile – Berm backfill required to be placed after the rock armor was 

installed on the riverbank required an increase in internal stability to result in an overall 

stable section.  This internal strength increase was accomplished by adding 

reinforcement layers of geotextile to the berm backfill which resulted in augmenting the 

backfill strength to result in an overall stable slope.  Reinforcement geotextile strength 

and backfill parameters were developed by performing a parametric study of the 

backfill by varying the spacing, length and strength of reinforcement until a suitable set 

of reinforcement parameters was developed.  The final design includes a reinforcement 

geotextile fabric or grid placed every 2.5 feet within the berm backfill.  The tensile 
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strength of the geotextile/geogrid is required to be 100 pounds per inch (ASTM D‐4595).  

Attachment 3 contains the detailed calculation. 

 Erosion protection of berm surface – The backfilled berm surface will require protection 

from erosion until the planned vegetation becomes established.  This slope face will be 

stabilized using a heavy jute matting that is anchored in place.  Attachment 3 contains 

the detailed calculation for erosion protection. 

Results 

Table 1 presents the stability study results.  The results are presented using a minimum factor of 

safety.  The factor of safety is the ratio of the forces resisting (soil strength, reinforcement) over 

the forces driving (soil weight, earthquake loading) slope movement.  A calculated factor of 

safety of 1.0 indicates that the forces just balance each other and slope movement is likely.   

Table 1 – Minimum Factor of Safety for a given Slope Condition 

Run No.  Condition Evaluated  Min FS 

1  Static conditions, groundwater and river water at 

elevation 9.6.  Reinforced berm backfill 

1.36 

2  Static conditions, groundwater and river water at 

elevation 16.6.  Reinforced berm backfill 

1.36 

3  Static conditions, groundwater and river water at 

elevation 27.5.  Reinforced berm backfill 

1.59 

4  Seismic conditions, groundwater and river water 

at elevation 9.6.  Reinforced berm backfill 

1.10 

5  Seismic conditions, groundwater and river water 

at elevation 16.6.  Reinforced berm backfill 

1.10 

6  Seismic conditions, groundwater and river water 

at elevation 27.5.  Reinforced berm backfill 

1.28 

7  During construction – full excavated condition  1.11 

 

Full output is provided in Attachment 2. 
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Discussion 

The calculations indicate that the minimum factor of safety for the long term static conditions is 

1.36 at lower water levels.  Rising river water and groundwater levels result in a slightly higher 

factor of safety.   

The addition of a seismic force results in minimum calculated factors of safety of 1.1.  As the 

factor of safety becomes lower and approaches 1.0, in all likelihood some slope movement will 

occur during a seismic event that approaches or exceeds the design level seismic event.  

Potential slope movement as a result of a seismic event (not considering potential influences of 

underlying soil liquefaction) is anticipated to be in the form of small amounts of downhill creep 

of the stabilization components.  Since these components are relatively flexible given the small 

anticipated movements, this movement will probably not affect the function of the stabilization 

and may not need to be repaired.  Deeper seated soil liquefaction cold result in scattered 

strength loss in layers within the dredged fill and native deposits that underlie the site and 

extend upland.  The extent to which these layers are inter‐connected will dictate whether 

liquefaction is in a large enough area to result in significant movement of the riverbank slope.  

The results could range from small amounts of settlement up to relatively large movements 

(lateral spreading) in excess of several feet.  The potential hazards associated with the deeper 

seated soil liquefaction are generally not affected by the riverbank stabilization since it is 

relatively shallow. 

The minimum factor of safety calculated for the fully excavated condition during construction 

was 1.10.  The anticipated excavation slope is steepest where cut into the soil slag fill soil and 

for a short distance into the underlying dredge fill/native soil deposits.  Field observations and 

boring information suggests that the soil slag fill is a relatively competent unit since it is 

observed to stand vertical for up to about 10 feet on the site now.  The underlying dredge 

fill/native layer should be observed carefully during construction to make sure it acts as 

anticipated.  Groundwater is anticipated to be at the base of the excavation.  Significant 

groundwater encountered above the base of the planned excavation area may result in localized 

instability if not drained properly. 

Field conditions should be observed during construction to verify that conditions are as 

described in this calculation.  If conditions vary, this calculation should be revisited to make 

sure that the results and conclusions remain valid.   

 

Attachment 1 – Select design drawing sheets 

Attachment 2 – Slope Stability Calculation 

Attachment 3 – Berm Stabilization Calculation 
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Attachment 2 – Slope Stability Calculation 
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Attachment 3 – Berm Stabilization Calculation 
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